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1. Introduction
All the error cases related with control channels have been widely investigated in our previous contributions [1]. As indicated in the contributions, error cases caused by DL and/or grant failure is very critical, so we should consider them as a primary factor when designing uplink control channel and their multiplexing, e.g. ACK/NACK, CQI, Scheduling Request and Sounding RS. 
So, most of our point proposed seems to be reflected on the current decisions except for some (e.g. interaction between ACK/NACK and SR). There still remain a couple of issues to be handled such as DTX detection of ACK/NACK RS and PUSCH DM RS, ACK/NACK resource reservation or 1 bit signaling in UL grant to avoid DL grant failure. 
Remaining issues in the light of error case handling is followed.
· ACK/NACK resource reservation

· ACK/NACK RS DTX detection

· PUSCH DM RS DTX detection

· Additional bit in UL grant by avoiding DL grant failure.

Among them, we will mainly address the necessity of ACK/NACK resource index reservation especially for persistent scheduled UE.
2. Error cases handling
Through our previous contributions, we had already addressed various error cases that may happen in the process of system operation in LTE [1]. So, we summarize briefly some remedies to critical error cases remained.
Case (1): DL grant error & No UL grant & No CQI

· 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]. 

· 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. 

· 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 (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. 

· Unfortunately current decision on ACK/NACK and SR interaction is to transmit them at the same time by using such a sequence mapping, sequence modulation and etc. So we think that only the candidates that have a capability of error case handling should be discussed and then entitled to LTE scheme. 

Table 1: According to 18 cases in figure 1, correponding behaviours in eNB and UE side [1]
	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}

· M(4) Indicator in UL grant or A/N resource reserved
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

As described before, we believe that DTX detection is required for all the error cases in order to avoid or minimize the erroneous operation. So, we think this kind of DTX detection should be implemented in designing eNB detector in default manner.
In addition, we’d like to refer the ACK/NACK resource reservation related issues. ACK/NACK resource of persistent scheduling data should be inevitably reserved to transmit data in persistent manner. We hope this is a common understanding for all. 
Since ACK/NACK resource for persistent scheduled data is signaled at first scheduling instance, this happens at the first time of this persistent transmission. If DL scheduling grant failure for retransmission occurs, UE do not transmit ACK/NACK back to eNB that try to decode the ACK/NACK under the assumption that it was transmitted. It leads to fail to decode the signal, that is, error case occurs. If eNB has a capability of the ACK/NACK DTX detection on the reserved resource, it can detect whether ACK/NACK is transmitted or not. So, this error case can be easily settled. 
The resource reserved permanently for persistent scheduling may not be full with the persistent data. Since the unused resource may be wasted, eNB try to re-assign those resources for data of dynamic scheduled UEs’, so the resource can be utilized efficiently. However, the persistent scheduled UE is not aware of the fact that eNB divert persistently assigned resource to dynamically assigned resource, so that UE can’t distinguish the data of which subframe is being received. However, this is rather helpful, can be one of solution for DL grant error case. So this is not a problem in UE side. In the eNB as well, it just discards the ACK/NACK from dynamic scheduled data because eNB can know which ACK/NACK is for persistent data or not.
Here there are two kinds of ACK/NACK resource reservation in case of retransmission. One method is to use one of ACK/NACK resources shared for dynamic scheduling. The other is to use one of ACK/NACK resources for the purpose of persistent scheduling. For simplicity, we’d like slightly to lean to the second one. 
3. Conclusion
We propose to apply following schemes to LTE system in explicit or implicit manner. 
· ACK/NACK resource for persistent scheduling should be continuously reserved during the corresponding interval. 
· In case of retransmission, it is desirable to stick to original ACK/NACK resource for the purpose of persistent scheduling, not for dynamic scheduling.  

· ACK/NACK RS DTX detection is required
· PUSCH DM RS DTX detection is required
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