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1. Introduction
Between RAN1#50 and RAN1#50bis, an e-mail discussion on uplink control signaling took place. The topics discussed included

· Simultaneous transmission of ACK/NAK and CQI on PUCCH
· Scheduling request design

· PUCCH for TDD

· FS2-specific issues

· PUCCH resource indication

· Control on PUSCH

Below, a summary of the discussions is provided and a way forward is proposed based on the discussions. 

2. Simultaneous transmission of ACK/NAK and CQI on PUCCH
In the past, two approaches have been mentioned: TDM and joint coding. Not surprisingly, companies had different views as summarized in the table below.

Error cases for simultaneously transmitting ACK/NAK and CQI were discussed. If the UE and the eNodeB have different views on whether an ACK/NAK should be transmitted together with a CQI report, e.g. due to a missed PDCCH assignment, undesirable effects may happen. As long as the CQI format depends on the presence/absence of an ACK/NAK this may happen. No clear conclusion on how to resolve this were reached, methods mentioned included to always reserve two bits for ACK/NAK in the CQI report, to design the transmission scheme such that the eNodeB can detect the error case, or to avoid simultaneous transmission of ACK/NAK and CQI in the scheduling process and thereby avoid the error case.
	Company
	Transmission scheme
	Misc

	Alcatel-Lucent
	No change in coding structure for CQI in presence of ACK/NAK
	CQI and CQI+ACK/NAK are distinguished by sequence selection.

	Ericsson
	Joint coding
	

	InterDigital
	Joint coding 
	Unequal error protection

	LG Electronics
	Simultaneous CQI+ACK/NAK not supported
	Avoid simultaneous CQI+ACK/NAK through scheduling

	Motorola
	Separate coding, TDM
	In most cases, avoid CQI+ACK/NAK through scheduling

	NEC
	Different PUCCH indices for ACK/NAK and CQI ( error cases can be detected
	

	NSN
	Separate coding, ACK/NAK transmitted by modulating RS
	

	NTT DoCoMo
	
	Avoid simultaneous CQI+ACK/NAK through scheduling

	Panasonic
	
	Avoid simultaneous CQI+ACK/NAK through scheduling

	Qualcomm
	Joint coding
	

	Samsung
	Separate coding, ACK/NAK transmitted by modulating RS 
	Avoid simultaneous CQI+ACK/NAK through scheduling

	SHARP
	Joint coding
	“embed coding” to get unequal error protection

	Texas Instruments
	Separate coding, ACK/NAK transmitted by modulating RS 
	Single format irrespective of CQI or CQI+ACK/NAK for robustness


3. Scheduling request design

How should the scheduling request be transmitted? If the ACK/NAK structure is reused, and the terminal is silent when there is no request (which seems as a good idea), there are up to four "active" request states (the four constellations of a QPSK symbol). Is there a use for four "active" request states and, if so, what to use them for (priority, buffer status, ...)?
Most companies prefers to reuse the ACK/NAK design although preferences may differ in the details as those aspects were not discussed
	Company
	SR transmission
	SR/ACK/CQI mux

	Alcatel-Lucent
	Reuse ACK/NAK design
	SR+CQI not allowed, SR+ACK in QPSK modulation symbol for 1 bit ACK, SR+ACK in modified ACK structure for 2 bit ACK

	Ericsson
	Reuse ACK/NAK design
(Possibly non-coherent structure for increased mux capacity given sufficient perf at high Doppler.)
	

	Huawei
	Reuse ACK/NAK design
	

	InterDigital
	Reuse ACK/NAK design
	

	LG Electronics
	Reuse ACK/NAK design
	Prioritize SR over CQI

Several possibilities for ACK/NAK+SR

	Motorola
	Reuse ACK/NAK design
	Multiple UEs can share the same SR

	NEC
	Reuse ACK/NAK design
	

	Nokia, NSN
	Non-coherent structure based on ACK/NAK design
	Increase modulation order and/or use multi-sequence modulation

	Panasonic
	Reuse ACK/NAK design
	Drop scheduling request. Only ACK/NACK and CQI sent simultaneously

	Qualcomm
	Reuse ACK/NAK design
	

	Samsung
	Reuse ACK/NAK design
	

	SHARP
	Reuse ACK/NAK design
	Code together with CQI

	Texas Instruments
	Reuse ACK/NAK design, prefer companion sounding RS
	Multiple ACK/NAK channels, the channel used carries extra info. Drop CQI in case of A/N+SR+CQI


4. PUCCH for TDD

In TDD, there is a need for the UE to signal multiple ACK/NAKs in a single uplink subframe in case the UE were scheduled multiple downlink subframes before it is able to transmit the ACK/NAK response in the uplink. In the extreme case, there could be up to 18 ACK/NAKs in a single subframe (DL:UL=9:1 and multi-stream transmission). How should multiple ACK/NAKs from a single UE be multiplexed? 
	Company
	Mux of ACK/NAKs
	Transmission scheme
	Misc

	Ericsson
	Joint coding
	
	Up to 8 ACK/NAKs per subframe

	IPWireless
	Joint coding


	
	No need to support more than 8 ACK/NAKs in UL

	LG Electronics
	
	
	At most 2 ACK/NAK per subframe (same as for FDD) ( scheduling restrictions.

	Nokia, NSN
	Separate coding


	Multi-sequence modulation
	No need to support extreme numbers of ACK/NAKs

	Qualcomm
	Joint coding
	DFT-spread (like PUSCH) for the case of large number of ACK/NAKs


	Distinction between a system asymmetry and UE configuration


	Samsung
	Joint coding 
	
	


5. FS2-specific issues

Some aspects of FS2 as currently specified in 36.211 v8.8.0 are not yet completed. The views from different companies are summarized below.

	Company
	Hopping
	Subframe split
	Misc

	Ericsson
	Need to address coverage improvements first
	5/4 and 4/4 split for normal and extended CP, respectively
	Smaller CQI than FS1

	Huawei
	Hopping always enabled. 
	5/4 and 4/4 split for normal and extended CP, respectively
	

	Nokia, NSN
	Hopping enabled per UE basis
	5/4 and 4/4 split for normal and extended CP, respectively
	Smaller CQI than FS1, 5 bits/subframe

	Qualcomm
	Hopping always enabled. 
	5/4 and 4/4 split for normal and extended CP, respectively
	Same CQI payload as FS1 (8 bits).

	Samsung
	Hopping always enabled. 
	5/4 and 4/4 split for normal and extended CP, respectively
	


6. PUCCH resource indication

PUCCH resource (RB, base sequence, cyclic shift hopping sequence) indication. How will the UE know upon which resource to send the ACK/NAK? At RAN1#49, for non-persistent scheduling the ACK/NAK resource is linked to the index of the control channel used for scheduling was agreed.

	Company
	Dynamic scheduling
	Persistent scheduling

	Alcatel-Lucent
	From first CCE in the PDCCH
	Part of assignment

	Huawei
	Implicit from CCEs used, amount of PHICH resources can be less than the number of CCEs
	

	InterDigital
	From PDCCH identity
	From PDSCH

	LG Electronics
	Implicit
	

	Motorola
	From first CCE in the PDCCH
	

	NEC
	Implicitly from first CCE.

Link PUCCH index to every M CCE, M=1,2,4,8 configurable. 
	

	Panasonic
	From first CCE in the PDCCH
	

	Qualcomm
	From PDCCH identity
	Implicitly from the set of RBs used in the downlink

	Samsung
	From first CCE in the PDCCH
	Part of assignment

	Texas Instruments
	Implicitly from all CCEs used by the PDCCH
	


7. Control on PUSCH
When control signaling is transmitted on PUSCH, it has been agreed to take the presence of control signaling into account in the rate matching process. For control signaling whose presence is not configured via L3 signaling (i.e. ACK/NAK) this may lead to error cases as there may be a mismatch between the UE and the eNodeB in case of a missed PDCCH DL assignment, in which case rate de-matching will be incorrectly assuming the presence of an ACK/NAK. This was to some extent discussed already in Athens.

Different views were expressed as summarized below, together with an illustration of “puncturing control signaling into rate matched stream”.
	Company
	Solution
	

	Alcatel-Lucent
	Puncture control signaling into rate matched stream
	

	Ericsson
	Puncture control signaling into rate matched stream
	

	LGE
	Puncture control signaling into rate matched stream
	Avoid puncturing systematic bits

	Motorola
	Puncture control signaling into rate matched stream
	

	Nokia, NSN
	Puncture control signaling into rate matched stream
	Additional bit indicating the presence of simultaneous DL grant included in the UL grant

	Qualcomm
	Puncture control signaling into rate matched stream
	

	Samsung
	Puncture control signaling into rate matched stream
	Avoid puncturing systematic bits
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Figure 1: General illustration of puncturing control signaling into the coded UL-SCH stream.
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Figure 2: Puncturing such that systematic bits are not affected (figure from e-mail discussion).
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