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1 Introduction

In RAN1#66, the following questions to address were captured in [1]. In RAN1#66bis, RAN1 obtained LS reply [2] on UE simultaneous Tx/Rx from RAN4.
· Questions to address:
· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH always on the PCell?

· Is PHICH transmitted on the cell carrying the UL grant?

· Same HARQ timing rules as in Rel-10?

· Same scheduling timing as in Rel-10?

In this contribution, we provide our views considering the LS reply and we further propose our answers to the questions listed in RAN1#66 meeting.
2 Discussion
2.1 UE capabilities
According to the LS reply, RAN4 is not in the position to provide any guidance on the prioritization of particular band combinations. RAN4 also pointed out that a UE supporting inter-band carrier aggregation with different UL-DL configurations does not necessarily mean supporting of simultaneous transmission/reception on different bands and that additional complexity and cost or degraded RF performance (sensitivity, output power) may occur for a UE supporting simultaneous transmission/reception on different bands.
Considering the LS reply, we see half duplex approach is necessary. We also see full duplex approach is necessary to enjoy higher peak rate for inter-band carrier aggregation.

In addition, UL CA capability which is independently configured from DL in Rel-10 should be taken into account.
Considering half/full duplex and non-UL CA/UL CA capabilities, we identify four types of UE capabilities listed below. Note that “PCell only UL” means UE does not have RF capability on SCell uplink transmission, which corresponds to non-UL CA. “both UL” means UE has RF capability on both PCell and SCell uplink transmission at the same time, which corresponds to UL CA.
· half duplex, PCell only UL
· half duplex, both UL
· full duplex, PCell only UL
· full duplex, both UL
Observation1: Four types of UE capabilities are identified: “half duplex, PCell only UL”, “half duplex, both UL”, “full duplex, PCell only UL” and “full duplex, both UL”.

“Half duplex, PCell only UL” UE capability is for the lowest-end/lowest-cost UEs. “Full duplex, both UL” UE capability is for the highest-end/highest-cost UEs. Between these UE capabilities, “half duplex, both UL” and “full duplex, PCell only UL” UE capabilities would be for middle-end/middle-cost UEs. Which types of UE capabilities are supported should be further discussed.

Proposal1: Which types of UE capabilities are supported should be further discussed.

2.2 Consideration of UE capabilities and UL-DL configurations
In this section, we consider the UE capabilities listed above and TDD UL-DL configurations for further discussion of the difference and pros/cons of the capabilities. 
In Table 1, we show UL/DL combinations based on the UE capabilities. “Subframe config” means UL-DL configurations by SIB1 or RRC dedicated signalling in a subframe. “Allowed subframe behaviour” means, in spite of UL-DL configuration in a subframe, what kind of behaviour is allowed in the subframe because of RF capability limitation. 

For “PCell only UL” UEs, UL transmission is allowed only on PCell, hence “Allowed subframe behaviour” (UL, UL) or (-, UL) in “subframe config” (UL, UL) or (-, UL) is not allowed (“N”). But same as in Rel-10 spec where PUCCH is always transmitted on PCell, if the transmission of SCell PUCCH is allowed on PCell, these “Allowed subframe behaviour” can be set to “Y” for SCell PUCCH transmission. SCell PUSCH transmission is not capable for the UEs, then “N” for SCell PUSCH transmission.
Table 1   allowed UL/DL combinations based on UE RF capabilities
	Subframe config

(PCell, SCell)
	Allowed subframe
behaviour 
(PCell, SCell)
	half duplex,

PCell only UL
	half duplex,

both UL
	full duplex,

PCell only UL
	full duplex,

both UL

	(DL,DL)
	(DL, DL)
	Y
	Y
	Y
	Y

	
	(DL, - )
	Y
	Y
	Y
	Y

	
	( - , DL)
	Y
	Y
	Y
	Y

	
	( - , - )
	Y
	Y
	Y
	Y

	(DL, UL)
	(DL, UL)
	N
	N
	N
	Y

	
	(DL, - )
	Y
	Y
	Y
	Y

	
	( - , UL)
	N 
	Y
	N
	Y

	
	(-, -)
	Y
	Y
	Y
	Y

	(UL, DL)
	(UL, DL)
	N
	N
	Y
	Y

	
	(UL, - )
	Y
	Y
	Y
	Y

	
	( - , DL)
	Y
	Y
	Y
	Y

	
	( - , - )
	Y
	Y
	Y
	Y

	(UL, UL)
	(UL, UL)
	N*
	Y
	N*
	Y

	
	(UL, - )
	Y
	Y
	Y
	Y

	
	( - , UL)
	N*
	Y
	N*
	Y

	
	( - , - )
	Y
	Y
	Y
	Y


* indicates Y for SCell PUCCH (transmitted on PCell), N for SCell PUSCH
In RAN1#66bis meeting, the new DL/UL subframe relation among PCell and SCells are solved by cross-carrier scheduling or not was discussed. Cross-carrier scheduling based solution is not applicable for half duplex UE. Therefore, we think it is more important to support self-scheduling approach than cross-scheduling approach in Rel 10. As discussed online in RAN1#66bis meeting, self scheduling with the support of E-PDCCH can work to mitigate inter-cell interference for HetNet.

Proposal2: In inter-band CA with different UL-DL configurations, self-scheduling approach should be taken as the priority. Use of E-PDCCH should be considered for inter-cell interference cancellation.
For “PCell only UL” UEs, UL transmission is allowed only on PCell. Then PUCCH is always transmitted on PCell. On the other hand, for “both UL” UEs, UL transmission is allowed on both cells. We see the transmission of SCell PUCCH on SCell has less restriction in Table 1, then we prefer PUCCH on SCell is allowed for “both UL” UEs. Whether PUCCH is transmitted on either PCell or SCell or on both PCell and SCell is further studied.
Proposal3: For “PCell only UL” UEs, PUCCH is always transmitted on PCell. For “both UL” UEs, PUCCH can be transmitted on SCell from UE capability perspective. FFS whether PUCCH is transmitted on only 1CC or not for “both UL” UEs.
For “PCell only UL” UEs, irrespective of half/full duplex, “subframe config” (DL, UL) is available only when “allowed subframe behaviour” is (DL, -) or (-, -). This is equivalent to “subframe config” (DL, DL) with “allowed subframe behaviour” (DL, -) or (-, -) if we allow subframe configuration is different from SIB1 indicated value. Then for the UEs, “subframe config” (DL, UL) is not used, but instead the “subframe config” (DL, DL) is used for higher probability of subframe usage for the UEs. This means, these UEs have restriction on combinations of UL-DL configurations as shown in Table 2, which is SCell is DL heavier in general.
Proposal4: To configure different subframe configuration by dedicated RRC signalling from the one indicated by SIB1 is allowed. 
Proposal5: At least for “PCell only UL” UEs, combinations of UL-DL configuration are restricted (as shown in Table 2) to avoid “subframe config” (DL, UL) and use “subframe config” (DL, DL) instead.

Table 2   restriction on combinations of UL-DL configurations

	UL-DL 
configuration#
 on PCell
	Allowed UL-DL 
configuration#
 on SCell

	0
	0-6

	1
	1, 2, 4, 5

	2
	2, 5

	3
	3, 4, 5

	4
	4, 5

	5
	5

	6
	1-6


For “half duplex, both UL” UEs compared with “half duplex, PCell only UL” UEs, the difference is PUSCH transmission on SCell in case of “subframe config” (UL, UL) and (DL, UL). This means “half duplex, both UL” UEs can increase UL rate but its merit is small compared with “half duplex, PCell only UL” UEs. 

In addition, if the restriction shown in Table 2 is adopted to both capabilities of UEs, only the difference is PUSCH transmission on SCell in case of “subframe config” (DL, UL). Then the merit of UL rate increase is further small.

Observation2: “half duplex, both UL” UEs can increase UL rate but its merit would be small compared with “half duplex, PCell only UL” UEs.
For “half duplex” UEs, in “subframe config” (UL, DL), usage of either UL or DL is allowed. Hence for such a “subframe config”, UL/DL determination scheme is required, and it should be further studied.

Observation3: For “half duplex” UEs, UL/DL determination scheme is required and it should be further studied.
3 Answers to the questions listed in RAN1#66
Following the discussion in Section 2, in this section we propose our answers to the questions listed in RAN1#66.
Q.1  Is cross-carrier scheduling b/w aggregated TDD cells with different UL-DL configurations supported?
A.1  No. Considering commonality of four UE capabilities and support of E-PDCCH, self scheduling is sufficient.

Q.2  How many bands are supported?
A.2  2 bands are sufficient as a first step. More than 2 bands can be considered in later release.
Q.3  Are there any restrictions on which combinations of UL-DL configurations can be aggregated?
A.3  Yes, at least for “PCell only UL” UEs, combinations of UL-DL configuration are restricted (as shown in Table 2) to avoid “subframe config” (DL, UL) and use “subframe config” (DL, DL) instead.
Q.4  Is PUCCH still transmitted on only 1 CC?
A.4  FFS.

Q.5  Is PUCCH always on the PCell?
A.5  Yes for the UE supporting only 1UL.  No for the UE supporting multiple UL.

Q.6  Is PHICH transmitted on the cell carrying the UL grant?
A.6  Yes. We propose to keep the same HARQ timing rules and the same scheduling timing as in Rel-10, therefore we don’t see any significant issues on it.

Q.7  Same HARQ timing rules as in Rel-10?
A.7  Yes. The same HARQ process numbering, mapping as in Rel-10.
Q.8  Same scheduling timing as in Rel-10?
A.8  Yes. The same scheduling timing from DL assignment reception to HARQ-ACK transmission, and from UL grant reception to UL data transmission and PHICH reception.
4 Conclusion 
In this contribution, we provided our views considering the LS reply and we further provided our answers to the questions listed in RAN1#66 meeting.

Our observations and proposals are as follows:
Observation1: Four types of UE capabilities are identified: “half duplex, PCell only UL”, “half duplex, both UL”, “full duplex, PCell only UL” and “full duplex, both UL”.

Observation2: “half duplex, both UL” UEs can increase UL rate but its merit would be small compared with “half duplex, PCell only UL” UEs.
Observation3: For “half duplex” UEs, UL/DL determination scheme is required and it should be further studied.
Proposal1: Which types of UE capabilities are supported should be further discussed.

Proposal2: In inter-band CA with different UL-DL configurations, self-scheduling approach should be taken as the priority. Use of E-PDCCH should be considered for inter-cell interference cancellation.
Proposal3: For “PCell only UL” UEs, PUCCH is always transmitted on PCell. For “both UL” UEs, PUCCH can be transmitted on SCell from UE capability perspective. FFS whether PUCCH is transmitted on only 1CC or not for “both UL” UEs.
Proposal4: To configure different subframe configuration by dedicated RRC signalling from the one indicated by SIB1 is allowed. 

Proposal5: At least for “PCell only UL” UEs, combinations of UL-DL configuration are restricted (as shown in Table 2) to avoid “subframe config” (DL, UL) and use “subframe config” (DL, DL) instead.
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