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1. Overall description
Error case handling is very important in designing control signal in case of DL and/or UL grant failure. Therefore, we’d like to inform all of these problems and provide some solutions case by case. It seems that a couple of solution has been introduced by other companies’ proposal or reflected by current working assumption, but other things haven’t still discussed so far [1]-[2]. Here we address all the possible error situations considering the cases including interactions among uplink control signals, e.g. ACK/NACK, CQI and Scheduling Request). 
2. Error cases caused by DL/UL scheduling grant error in downlink shared control channel

Both Figure 1 and Table 1 classified the possible erroneous situations by DL and/or UL grant error in PDCCH. Some of those cases don’t bring about any problems by using minor modified detection process such as DTX detection or DTX detection order, e.g. PUSCH DM RS first, then PUCCH RS next. However, we believe that some cases such as the case (4), (5) and (6) have to inevitably adopt additional means or the other way (if exists) in order to resolve the unexpected error cases. Hence we’ll focus on the (4), (5) and (6) cases.
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Figure 1: Classification of possible erroneous operations; (a)~(f)
Table 1: According to 18 cases in figure 1, correponding behaviours in eNB and UE side
	Error cases


	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)

	eNB
	ACK/NAK
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N

	
	CQI
	-
	CQI
	-
	CQI
	-
	CQI
	-
	CQI
	-

	
	SR
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	UL Data
	-
	-
	Data
	Data
	Data
	Data
	-
	-
	Data

	
	S or R
	R
	R
	S
	S
	S
	S
	R
	R
	S

	UE
	A/N
	-
	-
	-
	-
	-
	-
	A/N
	A/N
	A/N

	
	CQI
	-
	CQI
	-
	CQI
	-
	CQI
	-
	CQI
	-

	
	SR
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	UL data
	-
	-
	-
	-
	Data
	Data
	-
	-
	-

	
	S or R
	-
	R
	-
	R
	S
	S
	R
	R
	R

	Solution
	M(1)
	M(1)
	M(1)

M(2)
	M(1)

M(2)

M(3)
	M(2)

M(3)
	M(2)

M(3)
	NE
	NE
	M(1)

M(2)


	Error cases


	(10)
	(11)
	(12)
	(13)
	(14)
	(15)
	(16)
	(17)
	(18)

	eNB
	ACK/NAK
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N
	A/N

	
	CQI
	CQI
	-
	CQI
	-
	-
	-
	-
	-
	-

	
	SR
	-
	-
	-
	SR
	SR
	SR
	SR
	SR
	SR

	
	UL Data
	Data
	Data
	Data
	-
	Data
	Data
	-
	Data
	Data

	
	S or R
	S
	S
	S
	R
	S
	S
	R
	S
	S

	UE
	A/N
	A/N
	A/N
	A/N
	-
	-
	-
	A/N
	A/N
	A/N

	
	CQI
	CQI
	-
	CQI
	-
	-
	-
	-
	-
	-

	
	SR
	-
	-
	-
	SR
	SR
	SR
	SR
	SR
	SR

	
	UL data
	-
	Data
	Data
	-
	-
	Data
	-
	-
	Data

	
	S or R
	R
	S
	S
	R
	R
	S
	R
	R
	S

	Solution
	M(1)

M(2)
	NE
	NE
	M(1)

M(3)
	M(1)
M(2)
	M(2)
M(3)
	NE
	NE
	NE


*A/N is the response of downlink scheduled data to have been transmitted in previous timing
Error case handling methods: Method (1) ~ Method (4)

· M(1) A/N RS DTX detection

· M(2) DM RS DTX detection

· M(3) No simultaneous transmission of {ACK/NACK and CQI} or {ACK/NACK and SR}
· M(4) Indicator in UL grant or A/N resource reserved in fixed manner

Abbreviations:

· A/N: ACK/NACK transmission

· CQI: CQI transmission

· Data: Uplink Data transmission on scheduled resource
· NE: No erroneous operation

· R or (R): Reserved (shared) resource (PUCCH)

· S or (S): Scheduled (dedicated) resource for data transmission

Here we scrutinize all the cases {case (1) ~ case (18)} and suggest appropriate solution for it
Case (1): DL grant error & No UL grant & No CQI

· No erroneous operation.

· DTX detection is needed.
Case (2): DL grant error & No UL grant & CQI 

· eNB anticipates that UE transmit ACK/ANCK and CQI in uplink reserved resource, but UE will transmit only CQI in the resource. 

· In case of joint coding or TDM between ACK/NACK and CQI, the decoding failure will be occurred in eNB. One possible solution to circumvent this is to prevent simultaneous transmission of both ACK/NACK and CQI for uplink.

· It is desirable that CQI instead of ACK/NACK be scheduled to be transmitted into another subframe.
Case (3): DL grant error & UL grant error & No CQI

· With DTX detection of ACK/NACK in both scheduled resource and reserved resource, normal operation is possible because ACK/NACK index in the reserved resource may be associated with downlink control channel resource allocation.
Case (4): DL grant error & UL grant error & CQI

· This causes erroneous operation. UE wouldn’t transmit any data or ACK/NACK. UE would just transmit CQI in the reserved resource. But, if eNB fails to detect that there is no data in the scheduled resource, eNB would try to decode ACK/NACK, CQI and data in the scheduled resource for that UE. Then, decoding will be failed. If eNB succeeds in detecting that there is no data in the scheduled resource, eNB would try to decode ACK/NACK and CQI in the reserved resource. This situation is the same as Case (2). 
· Therefore, to resolve this, it is recommended that either ACK/NACK or CQI is scheduled to be transmitted in uplink.

Case (5): DL grant error & UL grant & No CQI

· This also causes erroneous operation. One approach is to exploit uplink grant within downlink control channel to indicate whether DL grant was transmitted or not. Therefore it informs UE of whether ACK/NACK resource should be reserved or not [1]-[2]. 
· Another approach to resolve this, it requires ACK/NACK resource reservation exclusively (N-bits) in the scheduled resource which enables ACK/NACK DTX detection regardless of CQI simultaneous transmission, but it may waste corresponding resources when not using it.
Case (6): DL grant error & UL grant & CQI

· This also causes erroneous operation. 
· One approach is to exploit uplink grant within downlink control channel to indicate whether DL grant was transmitted or not. Therefore it informs UE of whether ACK/NACK resource should be reserved or not [1]. 
· Another approach to resolve this, it requires ACK/NACK resource reservation in scheduled resource which enables ACK/NACK DTX detection regardless of CQI simultaneous transmission, but it wasted corresponding resources when not using it.
Case (7) ~ (10): 
· These are not serious cases. The solutions described above will be enough to prevent erroneous operation from DL & UL grant error.

Case (11) ~ (12), (16) ~ (18):
· This doesn’t incur erroneous operation in both UE and eNB side.
Case (13) ~ (15):

· These cases are caused by SR transmission (added dedicated uplink control channel). For an example of error case, if both ACK/NAK and SR are transmitted simultaneously and DL grant error occurs, it causes eNB to be operated erroneously. 
· To handle these error cases, M(1) and M(3) for the case (13), M(1) and M(2) for the case (14), M(2) and M(3) for case (15) should be employed respectively 

3. Summary 
In this contribution, we have investigated most of error cases caused by downlink and uplink grant error related with uplink ACK/ANCK, CQI, SR and data transmission. For each case, we recommended one or several methods to resolve the erroneous operation. Here, we hope that the following criteria are applied to all error situations in case by case manner
· It is necessary to adopt ACK/NACK RS and DM RS DTX detection function for error handling, i.e. Method (1), Method (2).
· Under current structure of uplink control channel, simultaneous transmission of both {ACK/NACK and CQI} or {ACK/ANCK and SR} is never beneficial even in error case handling above as well as in multiplexing {ACK/NACK and CQI} or {ACK/NACK and SR} from one UE, i.e. Method (3). 

· From the error handling point of view, the introducing N-bit indication for downlink grant error or/and uplink multiplexing information need to be considered, i.e. Method (4). This is also indicated [4].
· Especially, the ACK/NACK resource in PUSCH should be always reserved at least in persistent scheduling case. In dynamic scheduling, further investigation will be needed depending on the control channel design.
4. Reference
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